DIGITAL PROGRAMMABLE 
ALGORITHM SYNTHESIZER 



DX7/9 



SERVICE MANUAL 




■ CONTENTS(a?Jt) 

SPECIFICATIONS 1 

PANEL LAYOUT 3 

Placing Uprigtit Keyboard DX7 {DKl^^iD^ixyj) 5 

DX7 BLOCK DIAGRAM 6 

DX9 BLOCK DIAGRAM 8 

DX7 CIRCUIT DESCRIPTION im^HSm^) 10 

EGS 13 

OPS 16 

LSI DATA TABLE 21 

DX7 DM CIRCUIT BOARD & WIRING 22 

DX9 DM CIRCUIT BOARD & WIRING 25 

DX7 PN CIRCUIT BOARD a WIRING 28 

DX9 PN CIRCUIT BOARD & WIRING 31 

DTC8R,DTC4W& LED CIRCUIT BOARD & WIRING 34 

AC ■ DC CIRCUIT BOARD & WIRING 35 

PARTS LIST 



SINCE 1887 



006569 



# YAMAHA 

NIPPON GAKKI CO. LTD. HAMAMATSU. JAPAN 
'83.4 2.4K-3211 ® Printed in Japan 



DX7/9 



SPECIFICATIONS (i±m) 



• DX7 



Keyboard 

MS 

Sound Source 

Number of sounds produced simultaneously. 



61 keys: New Light Touch Keyboard 

FM Tone Generator; 6 operator 32 algorithm 

16 



Sound Character Memory 32 Bank (32 Memory) 

External ROM Memory 32 Bank x 2 (64 Memory) 

^»ROM>^U- 

External RAM Memory 32 Bank (32 Memory) 

Controls VOLUME, DATA ENTRY, YES/NO, ON/OFF, STORE, MEMORY 

3 > h p -;u PROTECT (INTERNAL, CARTRIDGE}, OPERATOR SELECT, 

PLAY-MEMORY SELECT (INTERNAL/CARTRIDGE 1-32), 
EDIT/COMPARE (OPERATOR ON-OFF/EG COPY 1-6), 
ALGORITHM, FEEDBACK, LFO (WAVE, SPEED, DELAY, PMD, 
AMD, SYNC), MOD SENSITIVITY (PITCH, AMPLITUDE), 
OSCILLATOR (MODE/SYNC, FREQUENCY COARSE, FREQUENCY 
FINE, DETUNE), EG (RATE, LEVEL), KEYBOARD LEVEL 
SCALING (BREAK POINT, CURVE, DEPTH), KEYBOARD RATE 
SCALING, OPERATOR (OUTPUT LEVEL, KEY VELOCITY 
SENSITIVITY), PITCH EG (RATE, LEVEL), KEY TRANSPOSE, 
VOICE (NAME), FUNCTION {MASTER TUNE ADJ, POLY /MONO, 
PITCH BEND (RANGE, STEP), PORTAMENT (MODE, GLISSANDO, 
TIME), EDIT RECALL VOICE INIT, BATTERY CHECK, 
CARTRIDGE (SAVE, LOAD), MODULATION WHEEL (RANGE, 
PITCH, AMPLITUDE, EG BIAS), FOOT CONTROL (RANGE, 
PITCH, AMPLITUDE, EG BIAS), BREATH CONTROL (RANGE, 
PITCH, AMPLITUDE, EG BIAS), AFTER TOUCH (RANGE, PITCH, 
AMPLITUDE, EG BIAS) ), LCD DISPLAY, CARTRIDGE INTERFACE, 
PITCH WHEEL, MODULATION WHEEL 
Connecting Terminal OUTPUT, PHONES 

Control Terminal FOOT SWITCH (SUSTAIN, PORTAMENT), FOOT CONTROL 

n V h p -Jum=J- (VOLUME, MODULATION), BREATH CONTROL, MIDI (IN, OUT, 

THRU) 
Dimensions/Weight 101 .SWx 10.2H x 32.9Dcm (40" x 4" x 13"), 14.2kg (28.6 lbs.) 

Power Consumption 40W (UL, CSA, GENERAL) 

«»>H»«:^ SOW (JAPAN) 

Accessories Music Stand, ROM Cartridge x 2 (68 sound character x 2) 

WmSIHiBi (68^fex2) 



*Specifi cat ions and design are subject to change without notice for improvement. 
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DX7 BLOCK DIAGRAM 
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's job 1 . Keyboard scanning of ON/OFF and touch data 

2. Panel switch scanning 

3. Analog voltage scanning 

4. Data transmission to main CPU 



Main CPU's job l , Receive data from sub CPU 

2. EGS and OPS control 

3. Load and store Voice ROM cartridge 

4. LED and IXD control 
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Placing Upright Keyboard DX7 (DX7 m^<7)±X:f3) 




DX7 CIRCUIT DESCRIPTION 

1. Keyboard and Panel Switch Scanning 

The 4 bits BO ^ B3 from the sub-CPU (6805S) are input to the decoder (40H138). 

The decoder output is sent to the keyboard transfer contacts and the panel switches. 

The on or off state of the keyboard break contacts, make contacts and panel switches are sent to 

the sub-CPU AO -- A7 lines via a line driver (40H240) when the sub-CPU B4 and B5 hues are 

low. 



2. Key ON/OFF and Touch Data 

The time it takes for the transfer contact to connect with the make contact after separating from 
the break contact is recorded by the sub-CPU timer. This value is the Touch data. 
The key ON signal is generated when the transfer contact connects with the make contact, and 
the key OFF signal is generated when the transfer contact connects with the break contact. 

3. ADC 

Data entry 
Pitch bend wheel 
Modulation wheel 
Foot controller 
Breath controller 
After-touch controller 
Battery voltage 

The 7 analog control voltages given above are fed to the ADC (M58990P-1). The analog input 
selected by the sub-CPU BO-- B2 bits is converted to a digital value when the sub-CPU B7 line 
goes low. The ADC outputs a high level to the sub-CPU C3 line when the conversion is complete. 
The ADC sends the 8 -bit digital value to the sub-CPU when the sub-CPU B6 line goes low. 

4. Data Transmission from Sub-CPU to Main CPU 

4-1. When a key event occurs the sub-CPU CO line goes high, changing the state of the 
ready flag (R S F/F) causing the main CPU IRQ and P21 lines to go low. 

4-2. The main CPU accepts one byte of data on lines AO-- A7 from the sub-CPU when 
the P21 line goes low. 

4-3. Once this byte is accepted, pin 9 of IC24 goes low, changing the state of F/F and 
forcing the sub-CPU CI line low. 

4-4. When the sub-CPU CI line goes low, step 4-1 (above) is repeated and then in step 
4-2 a second byte of data is accepted by the main CPU. 

4-5. During the IRQ routine the main CPU P20 line holds C2 on the sub-CPU line low 
until the second byte has been transferred. 



4-6. Data is not accepted from the panel switches and keys while the sub-CPU C2 line is 
low. 

5. Main CPU Operation 



The main CPU mode is set by externally initializing lines P20'-P22. When "L, L, H" is applied to 

the P20-'P22 lines and latched into the CPU on the rising edge of RES, the Extended Multiplex 

Mode is selected. 

In this mode, P40 - P47 function as address lines. The lower address bits are multiplexed with the 

data on lines P30 - P37, and are separated by the address strobe signal SCI. 

P20 -- P24 and PIO - P17 function as I/O lines. 



Multiplexed/RAM 



SFFFF 




Internal Registers 



himii. ::^iW^^- Kc?)B^c7)y^ij-^vyr"t. 



I External Memory Space jhe memory map for this mode is given in the diagram 
to the LEFT. 

Internal RAM 



' External Memory Space 



6. RAM 

M5M511BP-15 X 8-bit CMOS RAM. 

7. ROM 

2764 8K X 8-bit NMOS EROM 



1000~17FF 


IC19 


Voice Memory 


1800~1FFF 


IC20 


2000~27FF 


IC21 


Working Area 



8. LED 

The LED display is created via software. The LEDs are lit by data latched from the 
main CPU. 



COOO ~ DFFF 


IC14 


System 
Program 


EOOO ~ EFFF 


IC15 


FOOO ~ FFFF 


Test Program 



9. LCD 

Data from the main CPU is decoded and displayed at the LCD unit. 

10. EGS (Envelope Generator) 

8 bits of data are received from the main CPU, and envelope and frequency data are 
sent to OPS. 

11. OPS (Operator) 

The OPS uses a sine table to generate waveform data to be sent to the DAC from the 
received envelope and frequency data. 

The OPS permits combining the 6 operators in 32 different combinations. The combina- 
tions are called "algorithms". One of the 6 operators is able to feed the sine table output 
back to the input. The feedback level and algorithm data is received from the main 
CPU. 

12. DAC 

A BA9221 DAC is used. The DAC converts the digital waveform data from the OPS to an 
actual analog waveform. The amplitude scale factor of the analog waveform is controlled 
via SFO - SF3. This signal is then fed to the sample & hold and low-pass filter circuits 
from which it is sent to the output terminal. A reference voltage is applied to pin 14 of the 
DAC. 8 reference voltages are generated by the muPD405 1, and the total level is exter- 
nally controlled. 

13. MIDI (Musical Instrument Digital Interface) 

Permits data transfer with other devices. Data is received by P3 of the main CPU via a 
photo-coupler, and data is output from main CPU pin P24. 



EGS 

1 EGS Functions 

Receives data from the CPU, generates envelope & frequency data, & transmits the gener- 
ated data to OPS. 

(see EGS block diagram) 

Data received from the CPU is latched in the EGS & sent to the internal data buss. 

2 EGS Rate/Level Buffer 

Rate refers to the time required for the next level to be reached. For example, Rl is the time 
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EGS 



CPU J; ^} Data ^-^tt Envelope Data ^ Frequency Data 



EGS functions: 

Receives data from the CPU, generates envelope 
and frequency data, and transmits tlie generated data 
to OPS. 
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EGS Block Diagram 
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1. Data received from the CPU is latched in the EGS 
and sent to the internal data buss. 
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it takes until LI is reached from L4. The larger the Rl value, the sharper the attack. 

Rates and levels determine the basic shape of the envelope, but the actual envelope shape is 

affected by output level and key scaling. 




Key On 



Key Off 



3. Output Level Buffer 

Output level buffer receives data concerning key scaling, after touch, and output level from 
the CPU. Actual values used for LI to L4 are determined by the data stored in this buffer. 
Key scaling changes the output level as shown below. 



Key Left ^ 




Key Right 



Break Point 



LIN : Linear 
EXP : Exponential 



4. Frequency Buffer 

Frequency data related to key code, pitch envelope, and transposition is received from the 
CPU and stored in the frequency buffer. 

5. Rate Scaling Buffer 

Data used to determine rate values according to key scaling is stored in the rate scaling 
buffer. 

6. Values used for Rl to R4 are determined by the data stored in the frequency and rate 
scaling buffers. 

7. Key Event Buffer 

Key states (ON/OFF) are stored in the key event buffer. 

8. Modulation Sensitivity Buffer 

Amplitude modulation sensitivities are stored in the modulation sensitivity buffer. 

9. Envelope Modulation Buffer 

Modulation states of the LFO are stored in the envelope generator buffer. 

10. Envelope produced by the envelope generator is modulated by the data stored in the 
modulation sensitivity and envelope modulation buffers to generate the final 
envelope. 

11. Detune Buffer 

Detune data according to key scaling is stored in the detune buffer. 

12. Pitch Modulation Buffer 

LFO pitch modulation data is stored in the pitch modulation buffer. 

13. Pitch Ratio Buffer 

Pitch ratios are stored in the pitch ratio buffer. 

14. Data in the frequency buffer is modulated by the data stored in the detune, pitch 
modulation, and pitch ratio buffer to generate frequency data. 



OPS 
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opsomm 

EGS X ^) Frequency Data t Envelope Data, CPU J; ►) 
Algorithm Data >: Feed Back Level Data^^Stt. D/A 
Converterlc Digital^ Audio Signal Data^j^^J ^i^c 



OPS functions: 

Receives frequency and envelope data from EGS, 
and alogorithm and feedback level from the CPU, and 
transmits digital audio signal data to the D/A con- 
verter. 



1 . EGSif'^hj^^tlX^^^ Frequency Data t Enveiope 
Data 



1. Frequency and envelope data transmitted from 
EGS. 
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OPS Block Diagram 
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2 . OPS Block DiagramO^^liSi^ 



2, OPS block diagram description. 



OP 


Operator 


Fi-Fu« Frequency Data^. Phase AccumlatorTThase Data(^ 
^mt. Sin Wave Memory ^l^^mL^tc ^ ^. tcECL-ECi2^ 
Envelop Data(^ X ^) . Sin Wave Memory *?) .H^i J] ^ Level * M^ L 

Converts frequency data of Fl to F14 into phase data using 
the phase accumulator and reads sine wave memory. Controls 
sine wave memory output level using envelope data of ECl 
to EC12. Delays output for 16 bits after input. 


COM 


Compensation 


AIgorithm«-#Tt::^-^OP^Carner>:iH>^t^^ COM[i, C 
(7)Carrier^*^(Cj; ^J Level ^^iJtP Lit. iHti^. Carrier/?^2flai^ 
mn/X 3fi <?) Nf f i 1/3 [3 ^Carrier ^ Level ^MlfPL^ to ZtUt. 
Algorithm ^ ^ ;l X t , ft^^ Level c?^^i)j?^*v ^ X i ^zt ^^ fzHbV 

to 

The bottom OP in the algorithm is called a carrier. It controls 
level according to the number of carriers. For example, if 
there are two carriers, it controls each carrier level for 1/2, If 
there are three carriers, it controls each carrier level for 1/3. 
This is done to avoid changing the last level, even when the 
algorithm is changed. 


SEL 


Selection 


Algorithm twf^-^T. OPt3iI^ModulatorcO^#^^ Li to 

Selects modulators to be transmitted to the OP according the 
algorithm. 


MREN 


Memoiy Register Enable 


M-Register*SWLit. 
Controls M register 


FREN 


Feedback Register Enable 


F^Register^^iJffiLit. 
Controls F register. 


FL 


Feedback Level 


Feed Back Level ^^iJtP L i to 
Controls feedback level. 



3. OPSf^Jlii^SW^Ii, Algorithmic i: oTia^^^ ►) ^t. 
Algolithm^H^OPS Block Diagram $•£ =5: ?^^ '-^^ . ^^ < ^ 
^^(r>mx-^m L^L^T. Fi~Fh. ECi^ECi27!?^OPSI^^[J 

(n=l~6) 



3, OPS internal operation depends on algorithms. 
Let's look at some examples using the algorithm 
figures and the OPS block diagram. The result, when 
Fl to F 14 and ECl to ECl 2 are processed at the OP 
in the OPS, is shown as [n] representing the OPn (n = 1 
to 6), 



Algorithm KDitk"^ 

(1) :ft^;ji30P6t/)DataiiOPr^S^n 

(2) (DiOl^mti, F-Register(;^^U-^^^tp][iSii Selector 



When algorithm 1 is chosen: 

(1) First 0P6 data is processed at the OP and the 
result is ^ . 

(2) The result from (1) is stored in the F register and 
at the same time, is input to the selector to 
modulate the OP. 
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(3) OPS data is processed at the OP by being modu- 
lated and the result is R . 



(4) 0P4 and 0P3 data is processed at the OP in the 
same way as above, and the result [^ is stored in 
the M register. 



(5) 0P2 qnd OPl data is processed at the OP and the 
result is added to the data stored in the M 
register. [^ 



(6) The result in (5) is stored in M register and the 
result is output. 



(7) 0P6 data is processed at the OP by being modu- 
lated as data in the F register, the result in (2), 
and the result is i 



(8) By repeating the above steps, the final output is 



When algorithm 21 is chosen: 

(1) First 0P6 data is processed at the OP and the 
result is stored in the M register. 

(2) OPS data is processed by being modulated by the 
result in (1) and the result is . 



(3) The M register outputs the stored data, which is 
the result in (1), and stores the result in (2). 

(4) 0P4 data is processed by being modulated by the 
result in (1), and the result is Q 



(5) Adds the results in (4) and the result in (2), 
which is stored in the M register, and stores the 
result R in the M register. 



(6) 0P3 data is processed at the OP and the result 

is stored in the F register. 

(7) 0P2 data is processed by being modulated by the 
result in (6) and the result is R 



(8) Adds the result in (7) and the result in (S), which 
is stored in the M register, and stores the result 
in the M register. 



(9) OPl data is processed at the OP being modulated 
by the result in (6), which is stored in the F 
register, and the result is 



(10)Adds the result in (9) and the result is (8), which 
is stored in the M register, stores the result [3 
and outputs it. 




(ll)Repeats steps from (1) to (5) and stores the 
result R in the M register. 



(12)OP3 data is processed at the OP by being modu- 
lated by the result in (6), which is stored in the F 
register, and the result r^ is stored in the F 
register. ^ 

(13) Repeats steps from (7) to (10). The final result 
m is stored and output. 




4. Examples of algorithms 1 to 21 explain the exist- 
ence of only one OP in the OPS, but the OPS is multi- 
plexed therefore it appears that there are a total of 6 
operators. 
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OPS ALGORITHMS of DX7 
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